INTRODUCTION
Medicare's administrative files have the potential to be a rich source of information about disparities in health care access, use, or outcomes. Detailed information can be extracted on services used, diagnosis, treatment, and program expenditures. Used alone or in combination with other sources, the administrative files can be of enormous help in macro-and micro-analysis of disparities.
The inclusion of race and ethnicity in such analysis is almost universal, but not without problems. It has been argued, for example, that using race as a variable in social science research distracts one's attention from the life factors that are causally related to differences in health outcomes (Fullilove, 1998) . Others have contended that race and ethnicity categories are too aggregated to be meaningful (Bhopal and Donaldson, 1998; Kaufman, 1999) . These concerns notwithstanding, race and ethnicity endure among the most frequently used demographic characteristics in exploratory analysis of potential disparities in health care (e.g., Gornick, Eggers, and Reilly, 1996; Eggers and Greenberg, 2000) . They act as much to proxy characteristics (such as culture, social networks, and socioeconomic status) that cannot be captured in administrative data, as to detect the role of race as an overt barrier to health care.
No matter how one uses race and ethnicity in analysis of differences in program experience, that analysis can easily be confounded if race and ethnicity are not well identified in the administrative records. This inquiry extends an earlier examination of the Medicare data (Arday et al., 2000) and has two goals: to review the accuracy of race and ethnicity classification in Medicare administrative data, and to help researchers identify potential problems when using those administrative data to examine disparities in health and health care. How accurate are Medicare data files as a source of information on race and ethnicity? Are there differences between those members of racial and ethnic groups who are identified as such in the administrative data, and those who are not identified?
RACE/ETHNICITY IN MEDICARE PROGRAM DATA
At present, race and ethnicity are recorded in Medicare's administrative files with a single variable. This variable can take one of six different values-White, Black, Asian, North American Native, Hispanic, and other (plus an unknown category). Only one category is coded for each person in the file. This variable is populated principally with data provided to the Social Security Administration (SSA) by people at the time they apply for a Social Security number, when they apply or re-apply for benefits, or when they apply for a replacement Social Security card. Reporting race is voluntary and is not checked or verified by the Social Security staff receiving the application. Data are transferred from SSA's databases to the Medicare enrollment database (EDB), maintained at CMS.
Previous researchers have documented a number of problems with race coding in the EDB, concluding that these files were especially prone to difficulties in identifying people who affiliate with Hispanic/ Latino ethnicity or with race groups other than White or Black. Comparing the EDB distribution of race/ethnicity with U.S. Bureau of the Census figures and with SSA data on country of birth, Lauderdale and Goldberg (1996) concluded that the EDB captures one-quarter of people with Hispanic heritage, less than one-fifth of American Indian enrollees, and just over one-half of Asian enrollees (with marked differences in success at capturing subracial groups in the Asian population). Pan and colleagues (1999) compared Medicare and Medicaid race codes for people in New Jersey enrolled in both programs, and found that agreement between the two administrative sets was highest for White and Black enrollees. Agreement was quite poor for Hispanic enrollees; too few Asian or American Indian enrollees were in the sample to draw conclusions about agreement on those codings. Arday and colleagues (2000) compared EDB race codes to enrollee self-reported race and ethnicity from the Medicare Current Beneficiary Survey (MCBS). They found that although agreement between the two sets of information in 1997 was an improvement over that in 1991, the degree of agreement for race groups other than White or Black remained low.
Part of the contribution of the work reported here is to assess whether there has continued to be a convergence of EDB race coding with that reported by enrollees themselves. More important, however, is its exploration for systematic differences in the characteristics and program experience of people missed by a racial code and those captured by that code-is it safe to use Medicare claims data to research racial disparities in health care?
DATA AND METHODS

Data
This study assesses the accuracy of and bias in EDB race codes by comparing them to the race and ethnicity affiliation selfreported by participants in the MCBS. The MCBS is a continuous survey of a nationally representative sample of Medicare enrollees. Survey respondents are interviewed three times each year for 3 years, plus an opening and closing interview. Information is collected from respondents about social, economic, and demographic life factors, about their use of health care services, and about financing of those services. This survey information is combined with administrative data on use of and payment for medical care through the Medicare Program (Adler, 1994) .
The categorization of race and ethnicity in the MCBS is different from that in the EDB. During the first interview, community-dwelling survey participants are asked whether they consider themselves to be of Hispanic or Latino origin. They are also asked to affiliate themselves with race categories; beginning in 1998, these categories conform to guidelines established by the Office of Management and Budget (1997) : American Indian or Alaska Native, Asian, Black, Native Hawaiian or Other Pacific Islander, and White. Also beginning in 1998, respondents may identify more than one category, and may identify themselves as of "other" race as well. If a proxy is responding for a community-dwelling participant, the proxy is asked these questions; for participants in facilities, the facility staff person completing the interview is asked.
In this analysis, data from the 1998, 1999, 2000, and 2001 MCBS Access to Care Files (Centers for Medicare & Medicaid Services, 2002) were combined, to increase the number of participants affiliating with categories other than White or Black. Proxy responses and responses for people in facilities were dropped, resulting in a pool of 32,038 participants. 1 Only the most recent data were retained for those people who were included in more than one of the Access to Care Files.
For the purposes of this study, the MCBS was considered the authoritative source of race and ethnicity information on survey participants. This is because respondents were asked specifically to make their affiliations known, and because the MCBS permits a distinction between race and Hispanic ethnicity by asking separate questions. Table 1 shows how the study participants reported race and ethnicity.
Methods
To test the accuracy of EDB race coding, each of the six race codes was examined in turn. To the extent that the race/ethnicity code in the administrative data matches MCBS participants' self-identified affiliations, the former source can be said to be accurate.
For each code, MCBS participants were sorted into one of four groups (Arday et al., 2000) :
• True positive (identified): The EDB assigns the MCBS participant to this category, and the participant affiliates with this category in the survey. People who affiliated with Native Hawaiian or Pacific Islander races in the MCBS were included with people who affiliated with the "other" race categor y. People who identified themselves as of Hispanic origin were compared to the EDB Hispanic race category regardless of the race affiliations they mentioned in the survey; in this way, ethnicity and race are collapsed into a single categorization, consistent with the concept used in the EDB.
Five measures of accuracy were calculated for each race code (Arday et al., 2000) .
• Sensitivity (the ratio of true positives to true positives plus false negatives) reflects the likelihood that the EDB correctly identifies a person of the given race/ethnicity. • Specificity (the ratio of true negatives to true negatives plus false positives) reflects the likelihood that it correctly excludes a person not of that race/ethnicity. • Positive predictive value (the ratio of true positives to true positives plus false positives) reflects the likelihood that a person so coded in the EDB affiliates with that race/ethnicity. • Negative predictive value (the ratio of true negatives to true negatives plus false negatives) reflects the likelihood that a person not so coded does not affiliate with that race/ethnicity. The higher each of these ratios is, the more accurate the EDB can be said to be.
In addition, a kappa value (Watkins and Pacheco, 2000) was computed for each of the EDB race categories to quantify the degree of agreement between the MCBS and EDB reports of race and ethnicity.
After examining the degree of agreement between the EDB and MCBS race codes, logistic regression analysis (using Stata™ version 6) was used to determine whether missed members of the group differ from the people identified with that race in the EDB. That is, is there a bias in the EDB race codes in various dimensions of the relevant populations? For each EDB code, true positive and false positive cases were combined to a category called "captured;" these people comprised the group against which members of the false negative (missed) group were compared (true negative respondents were omitted). A categorical variable was created with its value set to zero for the captured group and to one for the missed group and was used as the dependent variable. Age group, sex, metropolitan/non-metropolitan residence, income, and educational attainment were used as explanatory variables.
Several other regressions were performed as well. In these regressions, measures of health status and satisfaction with the quality of care received were used as dependent variables, as were program use measures for fee-for-ser vice (FFS) enrollees. In addition to the categorical variable differentiating between captured and missed people, age group, sex, and metropolitan/non-metropolitan residence were used as explanatory variables. If the regression coefficient assigned to the categorical race variable were significantly different from zero, we could conclude that missed members of a racial or ethnic group differed from those so identified in the EDB beyond the other factors included in the regression. Table 2 outlines these regression analyses.
No attempt was made to adjust variance estimates to reflect the complex stratified sample design of the MCBS. The categorical age variable used in the analysis mirrors the stratification of the sample design, removing that effect from the regression results. Pooling participants from three different years of the survey makes it very difficult to determine the appropriate correction factor for the effect of clustered sampling. In any event, the bias in variance estimates is likely to be in the downward direction, so findings that are statistically insignificant using uncorrected variance estimates would remain insignificant could an unbiased variance estimate be calculated. Findings that appear to be statistically significant using uncorrected variance estimates must be examined more closely.
RESULTS
Accuracy of EDB Race Codes
Comparing EDB codes with self-identified racial and ethnic affiliation confirms the weakness of the administrative data found by Lauderdale and Goldberg (1996) with respect to people who describe themselves as Hispanic or Latino, and for those who affiliate with American Indian or Asian races (Arday et al., 2000) . In this part of the study, only people who affiliated with a single race in the MCBS were analyzed. This included the vast majority of participants: Overall, only 1 percent of respondents reported more than one race affiliation (not counting Hispanic/Latino origin). People who affiliated with American Indian were far more likely to consider themselves multiracial than were people who did not do so-two-thirds of them affiliated with a second race (mostly White).
The comparison of EDB and MCBS race codes is summarized in Table 3 for people who affiliated with only one race code in the MCBS. Sensitivity levels were high for White and Black EDB codes, indicating that a large proportion of those enrollees were correctly captured in the EDB, but sensitivity levels were quite low for other groups. Only one-half of people who identified themselves as Asian were correctly identified in the EDB, only one-third of those who thought of themselves as Hispanic/Latino, and only one-fifth of those who reported being American Indian. The positive predictive value of the White, Black, and Hispanic EDB codes was high (that is, the EDB was accurate in those it placed in the groups); that for Asian and North American Native was considerably lower, dropping to 64 percent for the latter (one out of every three people identified as North American Natives in the EDB did not affiliate that way in the MCBS). Standard interpretation of kappa values (Watkins and Pacheco, 2000) indicates strong agreement of the EDB and MCBS on the categories of White and Black, fair agreement on the categories of Asian and Hispanic, and poor agreement on the category of American Indian.
Sociodemographic variables appear to have little predictive power when it comes to EDB identification of race and ethnicity. Logistic regression of the race identification variable (missed people compared to captured people) on age, sex, urban/rural residence, income, education, and general health accounts for between 8 and 12 percent of the total variation in the dependent variable (Table 4) . People who affiliate with America Indian and live in rural areas were one-half as likely to be unidentified as were their urban counterparts. However, when attention is restricted only to those who affiliated with American Indian and no other race, that effect becomes statistically insignificant, and the effect of sex and of educational attainment becomes statistically significant: females were one-third as likely to be missed as males, and those with more than a high school diploma were one-third as likely to be missed as those with a high school diploma only. People who affiliated with Asian race and whose income was $25,000 or more were twice as likely to be missed as those with income between $10,000 and $25,000. The odds of people being missed who identified themselves as of Hispanic origin increases with the age of the person; high-income Hispanic people were more likely to be missed, as were those with less than a high school education.
Bias in the EDB Race Code
Given that the EDB misses a substantial proportion of people who affiliate with American Indian and Asian race categories and with Hispanic/Latino heritage, it is important to determine the extent to which those it does categorize in these groups are similar to those it has missed. If the groups are similar, then the EDB can be used to compare the average experience of enrollees of different racial and ethnic groups, even if it cannot illuminate total levels of expenditure for the groups.
Regression results testing this question are summarized in Tables 5, 6 and 7. In this part of the study, people were included in the analysis even if they affiliated with more than one race; if a participant affiliated with both American Indian and Asian races, for example, the participant was included in both regressions. All people who affiliated with Hispanic/Latino origin were included in that regression analysis. Explanatory variables were limited to the sociodemographic characteristics available from the EDB: age, sex, and rural/urban residence. This allowed simulation of the effects one would encounter when using only the EDB as a source of information about the beneficiaries being studied.
Differences between captured and missed survey participants varied among the EDB race codes in aspects of their health (Tables 5 and 6 ). American Indians missed by the EDB were five times as likely to have been diagnosed with skin cancer as people captured by that race code. Missed Asian people were one-quarter as likely as to have had angina or coronary heart disease as the people identified as Asian in the EDB. People of Hispanic heritage missed by the EDB were less likely to have been diagnosed with rheumatoid arthritis, and more likely to been diagnosed with skin cancer or osteoporosis. They also tended to report better health status than those captured in the EDB as Hispanic.
People who affiliated with the Asian race or with Hispanic heritage, but who were missed by those EDB codes, exhibited some differences from the people captured by those codes in terms of Medicare Program interactions (Tables 6 and 7) . Missed Asian survey participants were twice as likely to be in a managed care plan, one-quarter as likely to be in Medicaid, and (if in FFS Medicare) one-half as likely to have used Medicare physician services. Missed Hispanic survey participants were one-half as likely to have been in Medicaid. None of the regressions showed significant differences in total per capita Medicare Part A or Part B reimbursement between missed and captured populations. 7 Dependent variable is 1: the EDB code is not set, but the participant affiliates with that race/ethnicity in the Medicare Current Beneficiary Survey (MCBS).
8 Dependent variable is 0: race/ethnicity under consideration is set in the EDB.
NOTES: Results are shown for the subset of MCBS participants who affiliated solely with American Indian race, as well as those who affiliated with American Indian and another race(s). "NS" means the odds ratio is not significantly different from 1.0 (p >0.05). For other cells, p value is shown in parentheses for clustered sampling effect.
DISCUSSION
Generally, the measures of accuracy reported in this study are better than those calculated using the 1996 MCBS data (Arday et al., 2000) . This is partly because of improvements to the EDB previously discussed, and may be due in part to changes starting in 1998 in the way the MCBS race and ethnicity questions were asked. However, while the specificity of the EDB codes (relatively low false positives) is generally good, their sensitivity (relatively low false negatives) for categories It should be noted that high rates for specificity and negative predictive value reflect more the mechanical effect of the overall distribution of the race attributes in the Medicare population than the accuracy of the EDB. The relatively low specificity of the White category is consistent with a construction of that category as the comparison group (Bhopal and Donaldson, 1998) .
There are two limitations to the MCBS here, especially regarding American Indians and Native Hawaiians. First, people who reported affiliation with more than one racial group were not asked about the relative strength of those affiliations: do they think of themselves principally as one race first and then as the other-and if so, which race is primary? Second, the MCBS geographic sampling areas include neither Alaska, Hawaii nor mainland Tribal reservations. Thus, it is likely that American Indians and Native Hawaiians are underrepresented in the MCBS sample. Further, it may very well be that those who were not in the MCBS sample frame have a very different likelihood of being correctly identified by race in the EDB than those who were in the sample frame. This supposition can be tested as results of administrative data matches with the Indian Health Service files are analyzed.
The findings support the hypothesis that unidentified members of a racial or ethnic group differ from those who are identified in the EDB, especially for Hispanic enrollees. The differences between missed members of these groups, and enrollees identified as being of the group appear in different aspects of program experience for different race or ethnicity categories, suggesting that before undertaking analysis of Medicare administrative data, researchers should test for the presence of a bias in dependent or independent variables, using alternate data sets such as the MCBS.
The MCBS does not contain information on the date when the EDB race code was established for the survey participant, leaving a potential gap in its ability to identify bias. Despite the improvements in race coding described, Lauderdale and Goldberg's (1996) note remains valid: recent immigrants or enrollees are more likely to have minority EDB codes than would their older counterparts. This is because the latter are more likely to have codes from the early days of the program when race and ethnicity were less well documented. Lauderdale and Goldberg also argue that this introduces an immediate bias, as waves of immigrants tend to have different histories and health behaviors. The extent of this problem is not addressed here, and should be borne in mind when using the data as they exist.
CONCLUSIONS
Comparison of EDB race codes with the self-affiliations of MCBS participants reveals differing levels of accuracy and bias in Medicare administrative data. Generally speaking, the codes for White and Black enrollees are fairly accurate, but the codes for Asian and American Indian enrollees are much less accurate. The Hispanic race code captures only one-third of those who identify themselves as being of Hispanic/Latino origin. Further, there are statistically significant differences between those who are labeled with a race code in the EDB and those who are missed by that code, in a number of aspects of health care use and insurance.
Initiatives to improve the accuracy of the race code may mitigate some of those problems. SSA data are now used annually to update the EDB, and CMS, and the Indian Health Ser vice are exchanging administrative data to identify Medicare enrollees who are members of federally recognized Tribes. Work is currently underway to compare self-identified race from program sur veys such as the Medicare Health Outcomes Survey and the Consumer Assessment of Health Plan Survey, with each other and with the EDB; based on the outcome of the comparison, protocols may be developed to change the enrollees' code in the EDB.
Medicare data remains a rich source of information for research into disparities in health care, but researchers should be cautious when using the EDB race code to conduct such studies. The problems posed by inaccurate or biased coding are not necessarily fatal, but could become so if left undiagnosed; fortunately, diagnostic tools such as the MCBS exist. Work in progress could improve coding in EDB, but this work will result in an evolution in the race codes-not a revolution.
